Background: Peripheral arterial disease (PAD) has increased in association with the increase in the numbers of patients with kidney disease or diabetes. The aim of this study was to assess the prevalence of PAD in hemodialysis patients with diabetes. Methods: To examine the usefulness of the cardioankle vascular index (CAVI) to screen for the presence of PAD, cross-sectional studies of 100 patients undergoing chronic hemodialysis were performed. The CAVI and other inflammatory markers were evaluated. Results: The CAVI was markedly elevated in patients with a history of PAD or cardiovascular disease. When dialysis patients were classified on the basis of CAVI quartiles, increased CAVI was associated with other risk factors for PAD. Conclusion: The prevalence of PAD is high in elderly diabetic patients on hemodialysis. The present findings suggest that the CAVI can be a useful index that predicts the occurrence of macrovascular complications in dialysis patients with diabetes.
Peripheral arterial disease (PAD) is a major cause of acute and chronic illness [1] . Patients with PAD are at high risk of developing cardiovascular events, such as myocardial infarction, stroke, or cardiovascular death. For example, it has been shown in nearly 10,000 patients with vascular disease, diabetes mellitus, or age over 65 years plus at least 2 additional cardiovascular risk factors that, after a follow-up period of 6 months, approximately 1 in 8 patients with PAD had a vascular event or required cardiovascular hospitalization, a rate that was considerably higher than in patients without PAD [2] . A recent report also indicated that patients with PAD exhibited a fourfold increase in overall mortality and eightfold increased risk of cardiovascular death [3] . Thus, the presence of PAD is associated with a reduced quality of life and disability.
It should be noted that a significant proportion of patients with PAD are asymptomatic. More than 20% of individuals with PAD in the general population and 10% of patients over 65 years of age diagnosed with PAD by general practitioners did not show classical symptoms and were diagnosed by ankle-branchial index (ABI) measurement alone [4] .
Patients with chronic kidney disease (CKD) are at increased risk for the development and progression of vascular calcification and atherosclerosis [5] . The common and noninvasive methods to diagnose arterial stiffness in CKD patients currently include brachial-ankle pulse wave velocity (baPWV; via arterial tonometry or Doppler ultrasound) [6] and the cardio-ankle vascular index (CAVI). Measurement of baPWV is a useful method to diagnose arterial stiffness in any part of body; however, its major limitation is that it is affected by changes in blood pressure during measurement. The CAVI, which represents the stiffness of the aorta and the femoral and tibial arteries, is essentially independent of blood pressure [7] . Several recent studies indicated that there is a significant correlation between the CAVI and baPWV [8] . In addition, it has been reported that the CAVI is a clinical marker of arterial stiffness in patients with essential hypertension, diabetes, obesity, and metabolic syndrome [9] .
In the present study, the relationships between risk factors for PAD and atherosclerotic progression, evaluated by the CAVI, a new index of arterial stiffness, were investigated in hemodialysis patients. Since dialysis patients are at increased risk for arterial stiffness, the CAVI could be used as a screening test to detect the risk of PAD.
Subjects and Methods

Subjects
The subjects of this study were 100 outpatients undergoing chronic hemodialysis. The ABI or CAVI was measured using CA-VI-Vasera VS-1500 (Fukuda Denshi, Tokyo, Japan). The mean value of the right and left ABIs was used for analysis, and values of 1.0 or more were considered normal for the ABI. The CAVI and ABI were measured during hemodialysis at 30 to 60 min into the session [7] . Skin pressure perfusion (SPP) measurements of the soles of the feet were taken 1 h after the hemodialysis session. SPP was measured with a laser Doppler probe enclosed within the bladder and a cuff wrapped around the foot sole using a SensiLase PAD3000 (Kaneka Medix Corp., Osaka, Japan). The patients were positioned in a supine position at room temperature [10] .
Data are expressed as means ± SD. Statistical analyses were carried out using ANOVA, and p < 0.05 was considered significant.
The study protocol was approved by the Ethics Committees of the University of Yamanashi and Haraguchi Clinic in accordance with the Declaration of Helsinki. Written informed consent was obtained from each patient.
Principle of the CAVI and Method of Measurement
The CAVI is based on the stiffness parameter (β), which expresses blood pressure-independent vascular stiffness and is calculated as follows [11] . Thus, the stiffness parameter (β) can be easily calculated by measures of blood pressure and cardio-ankle PWV. The index, named the CAVI, is expressed as αβ + b to convert β to a value that approximates conventional aortic PWV for each patient. While these constants (a and b), proposed by the company (Fukuda Denshi), have still not been made public, the CAVI is easily measured using the CAVI Vasera VS-1000.
Results
A total of 100 patients gave their informed consent to participate in the study. Patients were divided into 2 groups, with or without diabetes. Fifty-two of the 100 patients had diabetes mellitus. Obesity was more prevalent in the patients with diabetes. Table 1 summarizes the background characteristics of the 100 patients of this study. There were no differences in the presence of hypertension, dyslipidemia, or hyperuricemia. History of smoking was comparable between the groups. As shown in Figure 1 , the CAVI was significantly higher in diabetic patients (10.02 ± 0.8 vs. 9.62 ± 0.8).
Simple regression analysis indicated that the CAVI or ABI was correlated with the age of the patients on hemo- dialysis. Figure 1Ba shows a positive relationship between age and the CAVI. The ABI was also significantly correlated with age. Interestingly, the ABI was decreased in older patients (Fig. 1Bb) . Figure 1C shows the relationship between blood pressure and the CAVI or ABI. With increasing systolic pressure, the CAVI increased slightly (a), and the ABI increased significantly, indicating that ABI is dependent on systolic blood pressure (c). With increasing diastolic pressure, the CAVI decreased slightly (p = 0.233; b). When the diastolic pressure was high, the ABI was slightly increased. These results indicated that the CAVI is not correlated with blood pressure, and that the ABI is affected by blood pressure. The CAVI in hemodialysis patients without a history or signs of arteriosclerotic disease was 9.2 ± 1.3 (Fig. 1D) . That in arteriosclerotic patients having ischemic change on their electrocardiogram or undergoing percutaneous transluminal coronary angioplasty was significantly higher than the value for those without arteriosclerotic disease. Patients having a history of PAD showed the highest CAVI values. These results suggested that the CAVI could reflect arteriosclerosis of the coronary, femoral, or tibial arteries quantitatively. Table 2 shows the clinical parameters and the SPP of patients by CAVI quartile. Because the SPP indicates the final pathway of capillary flow through the skin with a laser Doppler probe [13] , it has the potential to identify severe limb ischemia in hemodialysis patients [14] . Patients in the highest quartile were older and showed lower SPP. There were no differences in blood pressure among the CAVI quartile groups. These results clearly demonstrated that the CAVI reflects the PAD of hemodialysis patients, independent of their blood pressure values.
Discussion
CKD, diabetes mellitus, and PAD are associated with a significantly higher risk of death [15] , and early detection of PAD in hemodialysis patients is important. The ABI is currently used to evaluate PAD worldwide. However, high ABI values are observed in patients with diabetes or renal failure because they may have calcification in lower leg arteries, causing a falsely increased ABI [16] . Indeed, recent reports indicated that false-negative ABI results occur in 17-24% of limbs of diabetic and hemodialysis patients [17, 18] .
The Framingham Heart Study showed that about 20% of symptomatic patients with PAD had diabetes. Conversely, in diabetics, the risk of PAD increased with age, duration of diabetes, and the presence of peripheral neuropathy [19] . Since many patients with diabetes are asymptomatic, the true prevalence of PAD in diabetes is difficult to determine.
Ascertaining the real prevalence of PAD in diabetics may be very beneficial, since the early diagnosis of PAD may facilitate early treatment, and this translates into a better prognosis. Although this is true in the whole diabetic population, this is even more important in the elderly [20] . Moreover, it is likely that patients cared for by vascular surgeons may be different from those cared for by other medical specialists. Unfortunately, current data about the prevalence of PAD in elderly patients with diabetes is very scarce. The ADAN study was performed to assess the prevalence of PAD in an elderly population with diabetes.
The CAVI in hemodialysis patients without arteriosclerotic disease was 9.2 ± 1.3. That in arteriosclerotic patients receiving percutaneous transluminal coronary angioplasty or in patients having ischemic change on their ECG was significantly higher than the value for those without coronary arteriosclerotic disease. Patients having diabetes or a history of PAD also had a significantly high- er CAVI. These findings suggest that the CAVI might quantitatively reflect the degree of arteriosclerosis in hemodialysis patients.
Previous reports indicated that the reproducibility of the CAVI was high, compared with the general limit for clinical laboratory testing [7] . Measurement is easy and does not need special techniques. Thus, it can be useful for routine studies of hemodialysis patients.
A recent concept of measuring the stiffness of the aorta, femoral artery, and tibial artery as a whole was proposed, and a device for measuring it was also developed. The present study of hemodialysis patients indicated that the CAVI reflects arteriosclerosis. The clinical usefulness of the CAVI will have to be verified by accumulating further clinical data.
